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Abstract: 
The effects of South Louis iana crude oil on larvae and juveniles of 
the American lobster Homarus americanus were investigated in continuous 
flow bioassay systems. Response parameters measured included estimates 
of the effects of oil exposure on survival, energetics, biochemical com-
position, hydrocarbon accumulation and histological aberra tions. Dis-
ruptions in the energetics of larva l development were observed with ex -
posure to oil-s eawater mixtures and with ingestion of oil-contaminated 
Artemia nauplii; the change s in energetics were correlated wi th a shift 
in the normal patterns of lipid utilization and storage in larval lob-
sters. Hydrocarbon turnover appeared to be rapid and little accumula-
tion, except of the higher molecular weight constituents, was observed. 
Recovery of larval and early postlarval stages was not immediate upon 
transfer to uncontaminated seawater but the normal pattern of energy 
storage and uti lization was slowly restored. 
Postlarval lobsters were less sensitive to crude oil - seawater mix-
tures than the larval stages and no disruption in energetics was ob -
served. Reductions in respiratory activity and bi oaccumulation of 
both aliphatic and aromatic compounds, however, were observed in post-
larval lobsters exposed to oil -contaminated sediments. Postlarval 
lobsters appeared to have longer retention times and slower turnover 
rates of petroleum hydrocarbons than the larval stages and persistence of 
petroleum hydrocarbons in sediments might present a chronic contamina-
tion problem to benthic stages of the American lobster . 
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Introduction: 
Interest in oil and gas exploration in the coastal regions of the 
northwestern Atlantic has increased in recent years in efforts to find 
petroleum resources. Increased exploitation, however, poses many unan-
swered questions concerning potential toxic effects of oil from drilling 
and transport operations on commercially important species and the result-
ing economic impact on established fisheries. 
The American lobster (Homarus americanus) is found off the north-
eastern coast of the United States and off Atlantic Canada and is of par-
ticular ecological and economic importance. The life cycle of the lobster 
includes both planktonic and benthic stages (Herrick, 1896, 1911) and, 
thus, the lobster may be exposed to a wide range of stress conditions as 
a result of oil contamination in the sea . The lobster has four larval 
s tages, the larval period extending from the time of hatching from the egg 
to the fifth molt or attainment of the first postlarval or juvenile stage 
(stage V). Stage IV larvae have fully developed claws and are active 
swimmers but may continue to be found among the plankton for several days 
before seek ing a suitable benthic habitat (Cobb, 1976; Hughes and 
Matthiessen, 1962). Lobster populations in southern New England spawn 
during the early summer and the planktonic stages are abundant in surface 
waters from May through August at seawater temperatures of l5°-22°C. 
Snort-term exposure of planktonic larval stages of oil dispersed in sur-
face waters could result in reduced survival of larval lobsters, increased 
susceptibility to other environmental stresses and changes in the rates 
of growth and development. Wells and Sprague (1976) found stage I lobster 
.. 
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larvae to be more sensitive to Venezuelan crude oil than later larval 
stages and observed changes in development time to the first post-larval 
stage, the occurrence of intermediate larvae and reductions in food con-
sumption as a result of oil exposure. Forns (1977} reported a threshold 
sensitivity between 0.1 and 1.0 ppm South Louisiana crude oil for plank-
tonic larval lobsters with reduced feeding and swimming activity and pro-
longed development time being observed at the higher exposure concentra-
tion. 
An understanding of the effects of crude oil on development, growth 
and energetics of larval and juvenile lobsters is needed to assess the 
impact of this marine pollutant on lobster populations and the lobster 
fishery. The objectives of our research program have been to identify 
the effects of crude oil exposure on various developmental stages of the 
lobster . The specific tasks of the research were as follows: (1) to 
assess the physiological effects of sublethal exposure to South Louisiana 
crude oil on all larval stages of the American lobster; (2) to assess the 
physiological effects of ingestion of an oil contaminated food source on 
all larval stages; (3) to assess the physiological effects of chronic 
exposure to oil contaminated seawater and sediments on juvenile lobsters; 
(4) to evaluate body burden and depuration of larval and juvenile lobsters 
exposed to oil in the above experiments; and (5) to evaluate hi sto logical 
aberrations of larval and juvenile lobsters exposed to oil in the above 
experiments . 
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Methods: 
Culture of larval and juvenile lobsters 
Female egg-bearing lobsters were obtained from local fishermen and 
maintained in flowing seawater (30-31 Ofoo salinity) at ambient temper-
atures on a diet of mussels and squid. The eggs developed normally and 
began to hatch when seawater temperatures reached 18-20°C. ·After hatch-
ing, stage I larvae were transferred to fiberglass plankton-kreisels, 
described by Hughes et al. (1974), and mainta~n~d in flowing seawater at 
20- 22°C on a diet of live or frozen brine shrimp (Artemia ~.). Stage 
IV lobsters were transferred to compartmented polypropylene trays and 
maintained in flowing seawater under the same temperature and feeding 
regime. 
Bioassay systems 
a. Larva 1 1 obsters 
Two bioassay systems were designed for the s tudy of larval stages. A 
modification of the continuous flow system described by Forns (1976) was 
used to determine the survival of lobsters exposed to 0.25 ppm South 
Lou i siana crude oil for comparison with previous work on the acute effects 
of South Loui siana crude oil on larval lobsters . This system consisted of 
four 40-liter fiberglass plankton-kreisels (Hughes et al., 1974) with a 
seawater flow of 325 ml/minute; oil was added to the system us ing a 
Harvard peristaltic pump to allow a final concentration of 0. 25 ppm whole 
crude oil . Lobsters were stocked at a density of 500 stage I larvae per 
kreisel and stage of development and mortality were checked daily. Larvae 
were exposed to oil for the duration of larval development and percent 
• 
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survival and time to the postlarval form were compared with control 
animals; the survival of control and exposed animals maintained in this 
bioassay system were also compared to those maintained in the second bio-
assay system described below. 
The second bioassay system was a continuous flow system consisting of 
24 500 ml fleakers(R) (Corning Glass) as the assay chambers. Each 
assay chamber was modified by the addition of an intake tube and an out-
flow port at the 400 ml mark covered with Nitex(R) screening to allow 
continuous flow (Capuzzo et al., 1976). Seawater crude oil mixtures were 
supp li ed to the assay chambers by peristaltic pumping at a flow rate of 
3.35 ml/min and temperature and flow rates were maintained at constant 
l eve l s. Seawater or seawater-crude oil mi xtures were delivered fr om 
13-liter glass carboys. For preparation of seawater-crude oil mixtures 
used i n bioassays, oil-seawater dispersions (250 ppm) were mixed by 
gentle stirring for 24 hat l0°C (Anderson et al., 1974a ) pri or to 
add ition to the 13-liter carboys. Aliquots of the 250 ppm oi l - seawater 
dispersion were withdrawn by pipet from below the surface of the stock 
so lution and added to the carboys directly and diluted at the designated 
concentration. Carboys were replaced every 6 h and the turnover time in 
each assay chamber was 1 h. Hydrocarbon concentrations of oil-seawater 
dispers ions supply ing the assay chambers were assayed by gas chromato-
graphy for each experiment. 
For each larva l stage, 5 larvae were added to an assay unit maintained 
on a diet of live Artemia nauplii to reduce cannibalism and exposed to 
0. 25 ppm South Louisiana crude oil. Larvae were monitored for survival, 
-6-
respiration rate s , ammonia excretion rates and O:N ratios at selected 
times (24 h and 72 h) during a 96 hour exposure period at 20°C and com-
pared with control animals maintained under identical conditions. At the 
end of the 96 hour exposure period animals were subsampled for hydrocarbon 
and hi s tological an alyses. 
To evaluate the effect of crude oil exposure on the molt to the post-
larval form, stage IV larvae were exposed to 0.25 ppm South Louisiana 
crude oil for 96 h and respiration rates, ammonia excretion rates and O:N 
r atios were monitored daily. After the 96 h exposure period (Day 4), 
lobsters were transferred to clean seawater and maintained for 1 week to 
assess success of molting to the postlarval form, physiological changes 
associated with molting and degree of recovery from oil exposure. During 
t he pos t-exposure period the various physiological parameters described 
above were measured at 96 h (Day 8) and 168 h (Day 11). At the end of the 
1 wee k pos t-exposure period, animals were assayed for biochemical composi-
t ion. 
b. Juvenile lobsters 
To test the chronic effects of oil exposure on postlarval lobsters, 
stage VII lobster s were exposed to 0.25 ppm crude oil for 78 days; during 
t he exposure period t est lobsters were monitored for respiration rates, 
ammonia excre tion rates, O:N ratios , weight increases, molting activity , 
fee ding rates and survival. Oil exposed lobsters were compared to 
control lobsters maintained in the same bioassay system described above. 
At the end of the experiment both control and oil-exposed lobsters were 
sacri f iced for histological examination and for measurement of hydrocarbon 
acc umulation. 
• 
,I 
u 
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To test the long-term effects of exposure to oil-contaminated sed i-
ments on postlarva l lobsters, stage X lobsters were exposed to an oil con-
taminated sandy substrate and were monitored for changes in standard res-
piration rates during this chronic exposure. Si x rectangular fibreglassed 
plywood boxes were constructed as th e experimental chambers; t he dimen-
sions of each box were 120 em long x 10 em wide x 12. 5 em deep and each 
box was sectioned into ll cub icl es. Seawater input was unidirectional and 
each cubicle was separated by PVC screening . Coarse- fine grained, auto-
claved beach sand was placed to a depth of 1.25 em in the bottom of each 
of the six boxes and the boxes were fi lled with 2 liters of filtered (50 
~ m) seawater, cover ing the sediments with a water depth of 1. 25 em. To 
each of the three exposure tanks, 6 ~l of SLCO were added via syr inge to 
the middle of th e box and all owed to spread over the surface. Oil-con-
taminated sediments were incubated for l week before seawater flow was 
started and tes t organ i sms were added to the experimental tanks. Control 
sed iments were t reated in a similar manner without the addition of crude 
oil. Samples of sediment s and t es t organisms were taken at week ly inter-
vals for hydrocarbon and histo logi cal analyses. 
c. Contami nati on of Artemia nauplii 
Braz ili an Strain Artemia cysts were obtained from Aquafauna Inc. The 
Artemia hatching system consisted of a ser ies of 500 ml glass separatory 
funnels, fitted with glass rods for gentle aeration. Artemia cysts were 
hatched in concentrations of South Louisiana crude oil ranging from 0.125 
to 1. 000 ppm and percent hatching survival and naup l ii viability were com-
pared with control organisms hatched in uncontaminated seawater (30-31 
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0 /oo , 20°C). Prior to addition to separatory funnels, oil-seawater 
dispersions (250 ppm) were mixed by gentle stirring for 24 h at 10°C. 
Aliquots of seawater-crude oil mixtures were withdrawn by pipet from below 
the surface of the stock solution and added to the separatory funnels 
directly and diluted to the designated concentration; 500 mg of Artemia 
cysts were added to each separatory funnel and mixed by gentle aeration. 
Time to hatching, hatching survival and nauplii viability were recorded 
for each culture. 
Each larval stage was fed Artemia nauplii which had been previously 
exposed to 0.25 ppm South Louisiana crude oil; bioassays were conducted 
for 96 h at 20°C in the same continuous flow bioassay system described 
above . Artemia nauplii were hatched daily and used in feeding experiments 
within 24-36 h. Five lobster larvae were added to each 500 ml assay cham-
ber and 500 Artemia nauplii were added daily. Respiration rates, ammonia 
excretion rates and O:N ratios were monitored at 24 h and 72 h during the 
exposure period and compared with control organisms maintained under 
identical conditions. During the exposure period comparisons were also 
made on survival and molting frequency of control and exposed animals . 
At the end of the 96 h period, larvae were collected and frozen for GC 
analys i s . 
Physiological techniques 
Respiration rates of individual larvae were measured using both mi cro-
respirometer s and a Gilson differential respirometer according to the 
t ec hniques described by Capuzzo and Lancaster (1979). Equilibrium between 
t he gas and liquid phase of o2 diffusion in the respirometer flasks 
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were enhanced by gently shaking the respirometer flasks. At the end of 
each set of oxygen uptake me surements, the seawater in the respirometer 
flasks was analyzed for NH4-N by the method of Solorzano (1969) in 
order that an in situ estimate of ammonia excretion rates and the O:N 
ratio (atomic ratio of oxygen consumed to NH~-N excreted) could be 
made; ammonia levels were compared with control blanks. 
Biochemical analyses 
At the end of the exposure periods, animals were weighed, dried at 
70°C for 24 h and reweighed, and assayed for biochemical composition. The 
relative percentages of protein, lipid, carbohydrate, chitin and ash were 
determined for each stage of oil-exposed and control lobsters. Protein, 
carbohydrate, chitin and ash were determined by the methods described by 
Rayment et al. (1964) using dry tissues; lipid content was analyzed by the 
method of Marsh and Weinstein (1966). 
Hydrocarbon analyses 
Seawater samples were initially analyzed for hydrocarbon content using 
the UV -technique described by Neff and Anderson (1975); although this 
technique does not detect the full range of hydrocarbons present in South 
Loui s iana crude oil, it was useful as a preliminary index of the consis-
t ency of the concentrations of naphthalene and alkylnaphthalenes from day 
to day. The full range of hydrocarbons were detected by gas chromate-
graphy after sample extraction. Samples were extracted with hexanes and 
concentrated using a Bucchi rotary evaporator; gas chromatograms were 
compared with a sample of South Louisiana crude oil (Figures 1 and 2) . A 
comparison of the two chromatograms indicates that the whole oil fraction 
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rather than just the water soluble components is present in the seawater-
crude oil mixture. As microdroplets of oil may be ingested by planktonic 
organisms, this would appear to be a more realistic presentation of oil 
to the bioassay organisms than presenting only the water soluble fraction. 
There is some enhancement relative to the composition of crude oil at 
possibly the naphthalene peak and at the c13 peak; identification of 
the naphthalene peak is based on comparing its retention time against a 
standard. The concentration of total hydrocarbons during the bioassay 
experiments was 0.25 ~ 0. 05 ppm (mean of 6 determinations~ 1 S. D.). 
For sediment analysis, approximately 5 g of sand were sieved to remove 
all particles 0.25 mm, extracted with n-hexane and analyzed by GC 
according to the procedures described by Farrington (1976). Samples were 
taken on day l, day 15 and day 31. 
Hydrocarbon content of larval and juvenile lobsters were determined 
using two techniques: 1) extraction procedure, followed by analysis using 
GC glass capillary techniques; and (2) direct analysis by gas chromato-
graphy thermal distillation pyrolysis (GCTDP). Details of both procedures 
are given below. 
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Resp i rati on ra t es measured at 24 h and 72 h during the exposure period 
were not signifi cantly di fferent from one another for each larval stage in 
the control group (F i gure 3). The weight-speci fic respiration rates in-
cresed with each successive larval stage as previous ly reported by Capuzzo 
and Lancaster (1979); th ese measurements reflect the level of met abo l i sm 
during feeding for each l ar val stage. 
Significant reductions in resp i rat ion rates of oil-exposed stage I 
larvae were observed at 24 h and 72 h. There was no significant differ-
ence in respiration rates at 24 h for any of the l ater larval stages 
between control and oil-exposed groups; however, signi ficant reductions 
(P< 0.01 ) in respiration rates of oil-exposed stage I I , III and IV lob-
sters were observed at 72 h (Table 3). 
Ammonia excretion rates of l arva l l obs t ers measured at 24 h and 72 h 
during the exposure period ar e presented in Figure 3. There was no s igni -
ficant difference between the two sets of measurement s for any of the 
l arval stages in the control group or for stage I and IV lobsters in the 
oi l-exposed group. Oi l-exposed stage II and III lobsters had s i gnifi -
cantly higher (P<O.Ol) NH!-N excretion rates at 72 h (Table 4). 
The O:N ratios of contro l and oil -exposed l obsters are presented in 
Figure 3. Fo r contro l lobsters the O:N rat ios ranged f rom 20.6 to 27 . 3 
and are wi th in the range previously reported for l arva l lobsters (Capuzzo 
and Lancaster, 1979) . Th e O:N rat io of oil-exposed lobsters at 24 h 
ranged from 17.0 to 22.4; however, a greater reduction i n O:N ratio was 
observed at 72 h (range = 9.7-14.9). 
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Tab le 2. Survival of larval lobsters exposed to 0.25 ppm South Louisiana 
crude oi l for 96 hat 20°C 
Stage Control (%)a Oil-expos ed {%)a 
I 43.2 48.9 
( 1. 2) ( 1. 5) 
I I 41.3 46.6 
( 1. 5) ( 1. 3) 
I I I 50.0 51. 1 
( 1 . 8) ( 1.6) 
IV 92.7 96.0 
( 1. 5) ( 1. 5) 
a Mean value of 12 replicate assays (~ 1 S.E . ). 
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Fi gure 3. Respiration rates, ammonia excretion rates and O:N ratios 
of l arva l l obsters exposed to 0.25 ppm South Loui siana crude oi l t hrough 
seawater exposure (triang l es) and ingestion of contami nated Artemia 
nauplii (squares) for 96 h at 20°C; control values-circl es; cl osed symbols-
24 h; open symbol s-72 h; mean of 8 + 1 S. E. 
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Table 3. Analysis of variance of respiration rates measured for each 
larval stage of the American lobster at 24 h and 72 h during 
exposure to 0.25 ppm Sout h Louisiana crude oil 
Source of Variat ion s.s. d. f. M.S. F-ratio 
Stage I 
24 h between 4.00 1 4.00 
within 0.23 14 0.02 
total 4. 23 15 - 249.9a 
72 h between 2.56 1 2.56 
within 0.23 14 0.02 
tot a 1 2.79 15 - 159.3a 
Stage II 
24 h between 0.04 1 0.04 
within 0. 23 14 0.02 
total 0.27 15 - 2.5b 
72 h between 2.56 1 2.56 
within 0.36 14 0.03 
total 2. 92 15 - 99.6a 
St age III 
24 h between 0. 16 1 0.16 
within 0 .36 14 0.03 
tota l 0.52 15 - 6. 2b 
72 h between 4.84 1 4.84 
with in 0. 36 14 0.03 
tot a 1 5.20 15 - l88.2a 
Stag e IV 
24 h between 0.04 1 0.04 
within 0.59 14 0.04 
total 0.63 15 - 0.9b 
72 h between 2.56 1 2.56 
within 0.56 14 0.04 
total 3. 12 15 - 64.0a 
a P<O. 01 
b Not signifi cant 
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Table 4. Ana lysis of var i ance of ammon i a excretion rates for each larval 
stage of the American lobster at 24 h and 72 h during exposure 
to 0.25 ppm South Louisiana crude oil 
Source of Variation s.s. d. f. M.S. F-ratio 
Stage I 
24 h between - l 
within - 14 
total - 15 
72 h between 0.0004 l 0.0004 
within 0.0009 14 
tot a 1 0.0013 15 - 6.2a 
Stage II 
24 h between 0.0004 l 0.0004 
within 0.0009 14 
total 0.0013 15 - 6. 2a 72 h between 0.0016 l 0.0016 
within 0. 0009 14 
total 0.0025 15 - 24.9b 
Stage III 
24 h between 0.0036 1 0.0036 
within 0.0009 14 
total 0.0045 15 - 56.0b 
72 h between 0.0144 l 0.0144 
within 0. 0022 14 0.0001 
total 0.0166 15 - 86. 6b 
Stage IV 
24 h between 0. 0004 l 0.0004 
within 0.0022 14 0.0001 
total 0.0026 15 - 2. 5a 72 h be tween 0.0010 1 0.0010 
within 0.0024 14 0.0001 
total 0.0034 15 - 6.1 a 
a Not s i gn ifi cant 
b P<O.Ol 
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In previous work i n our laboratory we found that the weight-specific 
respiration and ammonia excretion rates of lobst er s are highest in stage 
IV larvae and decrease with the molt to the postlarv al form (stage V). 
Th e res ult s in t he experiments with stage IV and V lobsters are in agree-
ment with t hose findings but the decline in metabolic rates for cont ro l 
lobsters takes pl ace just prior to molting to stage V (Figure 4). All 
animals successfu ll y molted to stage V and molting was synchronous for 
al l lobsters on day 5. Me t abo li c ra t es were consistent for control l ob-
sters during the post-exposure period; the O:N ratio of stage IV and V 
lobsters averaged 24 . 5. 
For oil-exposed lobsters respiration rates were significantly lower 
\ (~0.01) during the f i rst three days of exposure and the O:N ratios were 
s ignifi cant ly reduced; ammonia excret ion rates were not significantly 
different from the rates of control organisms except on day l (Figure 
4). At day 4 t here was a slight increase in both metabolic paramet ers 
re l at ive to control organisms bu t a reduced O:N ratio was determined. 
All organi sms successu ll y molted to stage V, but respiration rates and 
ammonia excret ion rates were s ignifi cantly reduced (~0.01) during the 
post-exposure period (Table 5) . Th e O:N ratio of oil-exposed lobsters 
dur ing the exposure period averaged 16.8 and during the post-exposure 
period averaged 25.5. 
The dry weight and biochemical composition of al l l arv al and post-
larva l stages from the contro l and oil-exposed groups are present ed in 
Tab l e 6. There was no s ignifi cant difference in dry weight of any lobster 
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Figure 4. Respiration rates, ammonia excretion rates and O:N ratios of stage IV 
and V lobsters exposed to 0.25 ppm South Louisiana crude oil for 96 h at 20°C and 
maintained for 1 week fol l owing exposure in cl ean seawater ; arrow indicates molt 
to stage V; mean of 8 . ~ 1 S. E. 
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Tab le 5. Ana lysis of var i ance of respirat i on rates and ammonia excretion 
rates of stage IV and stage V lobsters during 96 h exposure to 0.25 
ppm South Louisiana crude oil and the post-exposure period 
Source of Var i ation s.s. d. f. M.S. F-rati o 
Resp i ration rates 
Day l - between 0.64 1 0.64 
within 0.36 14 0.03 
tota l 1.00 15 - 24.9a 
Day 2 - between 7.84 1 7.84 
with i n 0.36 14 0.03 
total 8.20 15 - 305.0a 
Day 3 - betwee n 5.76 1 5.76 
within 0.36 14 0.03 
tota l 6. 12 15 - 244.0a 
Day 4 - between 1.00 1 1.00 
within 0.36 14 0.03 
total 1.36 15 - 38. ga 
Day 8 - between 4.84 1 4.84 
wi th i n 0.36 14 0.03 
total 5.20 15 - 188.2a 
Day ll - between 2.56 1 2.56 
with i n 0.36 14 0.03 
total 2. 92 15 - 99.6a 
Ammonia excret i on rates 
Day l - between 0.0064 1 0.0064 
within 0.0036 14 0.0002 
tota l 0. 0100 15 - 24.9a 
Day 2 - betwee n 0.0004 1 0.0004 
with i n 0.0009 14 
total 0.0013 15 - 6.2b 
Day 3 - between 0.0007 1 0.0007 
within 0.0025 14 0.0001 
tot a 1 0.0032 15 - 4. 1 b 
Day 4 - between 0.0036 1 0.0036 
within 0.0009 14 
total 0. 0045 15 - 56.0a 
Day 8 - between 0.0144 1 0.0144 
wit hi n 0.0009 14 
tota l 0.0153 15 - 244 . 0a 
Day 11 -between 0.0100 1 0.0100 
within 0.0009 14 
total 0.0109 15 - 155.6a 
a P<O.Ol 
b Not sign i f i cant 
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stage between control and oil-exposed groups . Protein was the major bio-
chemical constituent in all larval stages and the first postlarval stage 
of both control . and oil-exposed groups. For contro l lobsters there were 
significant decreases (~0.01) in both carbohydrate and lipid content and 
significant increases in ash and chitin content in the later larval and 
postlarval stages (stages Ill, IV and V). Similar trends were observed 
among oil-exposed lobsters, but there were significant differeces in pro-
tein and lipid content and the protein : lipid ratio for each larval stage 
between control and oil-exposed groups; among oil-exposed lobsters there 
were significantly higher (~0.01) protein contents and significantly 
lower lipid contents of all larval stages . Stage V lobsters, sampled at 
the end of the post-exposure period, had a slightly higher protein content 
but no significant difference in lipid content than control lobsters. 
No changes in gill epithelial tissue or other tissue aberrations were 
detected in any of the larval stages between oil exposed and control 
groups {Figures 5 and 6). 
Effects of chronic exposure to oil contaminated seawater or sediments on 
juvenile lobsters 
Postlarval lobsters exposed to 0.25 ppm South Lou i siana crude oil for 
78 days showed no change in respiration rates, ammonia excretion rates or 
O:N ratios in comparison with control animals. Unlike larval lobsters, 
no disruption in energetics as a result of oil exposure could be detected. 
-26-
Table 6. Dry weight and biochemical composition of the four larval stages and the first 
postlarval stage of the American lobster from control and oil-exposed groupsa 
Component Group I I I 
dry weight, mgc control 1.0 + 0.1 1.9 + 0.1 
oil 1.0+0.1 2.0 + 0.1 
% ash d control 18 .4 + 0.2 19.0 + 0.04 
0 i 1 18.5 + 0.3 18 .9 + 0.03 
% protein d control 68.8 + 0. 2 65.0 + 0.8 
oil 72.9 + 1 .0 71.0 + 0.5 
% carbohyclrated control 2.0 +0.1 1.9+0.1 
0 i 1 1.9+0.1 1.9+0.1 
%lip id d control 5.9 + 0.2 5.3 + 0.5 
0 i 1 4.5 + 0.2 3.9 + 0.4 
-
prote in: lipid control 11.7 12 .3 
oil 16 .2 18.2 
a Mean values of 6 determinations + 1 S.E. 
b Sampled at the end of the post-exposure period 
c Dried for 24 h at 60°C 
d % dry weight basis 
Stage 
I I I 
2.9 + 0.1 
2.9+0.1 
21.2+0.~ 
20.~ + 0.5 
63.5 + 1 .0 
66.3 + 0.7 
1.5 + 0.1 
1.5+0.1 
5.4 + 0.5 
4.0 + 0.5 
11.8 
16.6 
IV vb 
7.2 + 0.2 9.0 + 0.2 
7.2 + 0.3 8.Y + 0.3 
24.5 + 1 .0 23.0 + 0.5 
'2.2.5+1.0 22.S + 0.5 
62.0 + 0.6 62.S + 0.8 
64.6 + 0.6 64.2 + 0.6 
1.4+0.1 1.4 + 0.1 
1.4 + 0.1 1.4 + 0.1 
4.2 + 0.3 3.2 + 0.2 
3.7 + 0.2 3.1 + 0.2 
14.8 19.5 
17.5 20.7 
-27-
~ 
0.4mm 
Figure 5. Cross section of stage IV lobster larvae from control 
experiment s; 200 x; G-gill, M-muscle, HP-hepatopancreas. 
-28-
·~ 
" 
0.4 mm 
Figure 6. Cross section of stage IV larvae from oil-contaminated 
seawater; 200 x; G-gill , M-muscle, HP-hepatopancreas. 
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Respiration rates, ammonia excret i on rates and O:N ratios of control and 
oil exposed lobsters are presented in Figures 7, 8 and 9, respectivel y; 
ANCOVA tables relating respiration rates and excreti on rates to wet 
weight of ex~erimental and control animals are presented in Tables 7 and 
8, respectively. 
Molt ing activity was not synchronous between the t wo groups (Figure 
10) but weight increases and the number of molts during the experimenta l 
period were not significantly different in the t wo groups. The growth of 
experimenta l and control animals is presented in Figure 11 and the ANCOVA 
table relati ng weight increase with time is presented in Table 9. 
There was no mortality in the control group; however, 10% mortality 
was observed in the oi l exposed group, but this was possibly due to the 
combined effec t of therma l stress to molting animals as a result of a 
power failure, rather t han a direct effect of oil exposure alone. No 
difference in feeding rates, feeding behav ior or hi sto logical aberra-
tions (Figures 12, 13 and 14) cou ld be detected. 
For postlarval l obsters exposed to oil contaminated sediments, reduc-
tions i n respirat i on rate were detected with i n the first 48 hours of 
exposure and sustanied at l ower than contro l levels for the first 30 
days of exposure (Table 10) . The sed iment sample taken on day 1 had a 
full range of hydrocarbons characteristic of South Louisiana crude oil; 
the short chained n paraffin hydrocarbons were clearly distinguishable 
with r epresentative peaks down to c10 ; peaks were indi sti ngui shable be-
low C10 because of an increasing background envelope. In the day 15 and 
day 31 samples there was a definite decrease and/or elimination of 
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Table 7. ANCOVA for re sp iration rate s as a function of we t weight for 
contro l vs. oil-exposed lobsters . 
~ource of variance 
Equ ality of adjusted 
means 
Error 
Equality of slopes 
Error 
*P > 0.05 
d.f. 
185 
184 
s.s . M.S. F-rati o 
0.0007 0.0007 
0.05* 
2.7606 0.0149 
0.0280 0.0280 
1 .88* 
2.7326 0. 0149 
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Table 8. ANCOVA for ammonia excretion rates as a function of wet weight 
for control vs. oil-exposed lobsters. 
Source of variance 
Equality of adjusted 
means 
Error 
Equality of slopes 
Error 
*P > 0.05 
d. f. 
185 
184 
s.s. M.S. F-ratio 
0.0057 0. 0057 
0.38* 
2.8024 0.0151 
0.0003 0.0003 
0.02* 
2.8020 0.0152 
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Table 9. ANCOVA for weight increase as a function of time for control 
vs. oil-exposed l obsters after the i ntroduction of oil into 
the system. 
Source of variance 
Equa l ity of adjusted 
means 
Error 
Equality of s lopes 
Error 
*P > 0.05 
df 
185 
184 
ss MS F 
0.1 215 0.1215 
3. 79* 
5.9269 0.0320 
0.0310 0.0310 
0.97* 
5.8959 0.0320 
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A 
B 
0.15mm 
Figure 12. Cross section of hepatopancreas taken from juveni le lobster; 
A-control, B-oil-exposed; 500x. 
A 
B 
0.4mm 
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Figure 13. Sagittal section of gill taken from juveni le lobster; 
A-control, B-oil-exposed ; 200 x. 
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Figure 14 , Cross section of gill taken from juvenile lobster; 
A- control, B-oil -exposed ; 500 x. TGL- t egmental gland, E-epithelium . 
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Table 10. Respiration rates of postlarval lobsters exposed t o 
oil-contaminated sediments. 
Day Respiration rates - ~ 1 02/h/g wet weighta 
Control 
lb 121.8 + 8.1 
3 120. 5 + 7.0 
-
6 111.1+3.2 
-
15 123. 1 + 5.3 
-
21 130. 2 + 5.5 
-
28c 101.9 + 2.5 
-
34 108 .8 + 5.2 
-
40 111.0 + 2.5 
48 105.2 + 3.2 
a Mean of eig~t determinations + 1 S.E. 
b Stage X, mean weight= 1.2 g 
c Stage XI, mean weight= 1.8 g 
Oi 1-exposed 
119.5 + 7.5 
-
94.9 + 1. 5 
100.0 + 5.7 
-
92.1 + 4.9 
98.6 + 5.3 
-
86.1+5.0 
80.9 + 2.6 
104.0 + 2.5 
-
108.3 + 3.5 
-42-
Table 11. Hydrocarbon concentrations of oil contaminated sediments . a 
Day Contro 1 ppm Oil-Contaminated ppm 
0.01 2.50 
15 0.01 0.30 
30 0. 01 0.05 
a Concentration of finer than 0.2 5 mm fraction. 
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n-paraffins and some decrease occurred in the aromatic fract ions as well. 
At day 31 hydrocarbon concentrations of the sed iment samp les were neg li-
gible and restoration of normal respiration rates were observed shortl y 
t hereafter . Molt ing act ivi ty and fe ed ing activity were norma l i n both 
t he control and exposed groups and no histological aberrations were 
observed. The reductions in respiratory activity could be t he result of 
the hydrocarbon content of pore waters and not direct sed iment exposure. 
Effec t s of ingest i on of oi l contaminated Artemia nauplii on larval and 
postlarval l obsters 
Survial of Artemia nauplii hatched in concentrati ons of crude oil 
ranging fr om 0.125 to 1.000 ppm are presented in Table 12. There was no 
signi f i cant difference in time to hatching between control and exposure 
groups and hatching normall y began within 24 h. There were significant 
diff erences, however, in hatching surv ival and behavior of the hatched 
naup lii between control and oil -exposed groups. Hatching survi va l rel a-
tive to control va lues is presented in Table 12 and a lthough a consistent 
pattern could no t be correlated wi t h exposure concentration, reduced su r-
vival was observed at each exposure concentrat ion. When cyst shell s were 
shed by the naup lii , control naupli i sank to the bottom of the culture 
vessel whereas ones exposed to the var ious oil concentrations floated just 
below the surface of the oil-seawater mixture. Nauplii hatched in th e 
var i ous oi l concentrat ions al so appeared to be more s lu ggish in compar i son 
with the contro l nauplii . 
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Table 12. Hatching survival of Artemia exposed to South Louisiana crude 
oil relative to control values 
Concentration, ppm % Surviva l 
0.125 82.3 
0.250 71.3 
0.500 55.0 
0.750 68.9 
1.000 71.3 
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Table 13. Survival of larval and postlarval lobsters exposed to 0.25 ppm 
South Louisiana crude oil through seawater exposure and · 
ingestion of oil contaminated Artemia nauplii 
Stage Control Oil-Seawater Oil-Nauplii 
% % % 
I 43.2 47.5 45.0 
( 1.0) ( 1.0) ( 1.0) 
I I 42.5 46.5 45.0 
( l. 2) ( l. 2) ( 1.0) 
I I I 50.0 51.1 42.9 
( 1.8) ( l. 6) ( l. 6) 
IV 92.7 96.0 83.5 
( l. 5) (91.5) (0.9) 
v 92.5 92.5 92.5 
(0 . 5) (0.5) (0.5) 
Mean replicate of 12 assays(~ l S. E.) 
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To be consistent with seawater exposure experiments, nauplii hatched 
in 0.250 ppm SLCO were used in experiments to evaluate the effects of 
ingestion of contaminated food on the energetics of larval and juvenile 
lobsters. 
Survival of all larval stages and the first postlarval stage fed oil 
contaminated Artemia nauplii are compared with control animals and animals 
exposed to oil through seawater exposure in Table 13. There was no si9ni-
ficant difference in survival of the first two larval stages among the 
three exposure groups; however, slightly reduced survival rates were 
observed among stage III and IV larvae fed oil contaminated Artemia 
nauplii. Among all groups survival rates of stage IV larvae and stage V 
postlarvae were significantly higher than survival rates of the early 
developmental stages. There was also a significant delay in molting to 
subsequent stages among all stages fed the oil contaminated food source . 
Respiration rates of larval and postlarval lobsters are presented in 
Figure 3 and Table 14. For larvae exposed to oil contaminated seawater, 
only stage I larvae showed a significant reduction in respiration rate at 
the 24 h sampling period; all larval stages showed reductions, however, 
after 72 h of exposure. For larval and postlarval lobsters fed an oil 
contaminated food source, all stages with the exception of stage I larvae 
had reduced respiration rates relative to control values at both the 24 h 
and 72 h sampling periods; stage I larvae only had reduced respiration 
rates at the 72 h sampling period (Tables 15 and 16). 
-47-
.. 
Table 14. Respiration rates ( J.ll 02/h/mg dry we ight) of larval and 
post l arval lobsters exposed to 0.25 ppm South Louisiana crude 
oil through seawater exposure and i ngest ion of oil 
contami nated Artemia naup l ii 
Stage Control Oil -Seawater Oil-Naup l ii 
24 h 72 h 24 h 72 h 24 h 72 h 
2.5 2.7 1. 5 1.5 2.4 2.2 
( 0. 1 ) (0.2) ( 0. 1) ( 0. 1 ) (0.2) (0.2) 
I I 2.9 2.9 2.5 2.0 2.0 1.5 
(0.2) ( 0. l ) ( 0. l ) (0.2) (0.2) (0.2) 
I I I 3.2 3.3 3.0 2.2 2.5 2.2 
(0.2) (0.2) (0.2) (0.2) ( 0. 1 ) (0.2) 
IV 3.8 3.7 3.7 2.9 3.2 2.9 
(0.2) (0.3) (0.3) (0 .2) ( 0. 1 ) ( 0 . 2) 
v 2.0 1.8 - - 1.5 1. 2 
( 0. 1) ( 0. 1 ) (0.2) ( 0. 1) 
Mean of 8 replicates (~ 1 S.E.) 
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Table 15. Analysis of variance of respiration rates measured for each 
larval stage and the first postlarval stage of the American 
lobster at 24 h and 72 h during exposure through ingestion 
of oil contaminated Artemia nauplii and compared with 
contro 1 1 arvae. 
Source of Variation s.s. d. f. M.S. F-ratio 
Stage 
24 h between 0.04 1 0.04 
within 0.30 14 0.02 
total 0.34 15 - 1.87C 
72 h between .1 .00 1 1.00 
within 0.48 14 0.03 
total 1.48 15 - 29. ua 
Stage II 
24 h between 3.24 1 3.24 
within 0.48 14 0.03 
total 3.72 15 - 94.5a 
72 h between 7.92 1 7.92 
within 0.31 14 0.02 
total 8. 23 15 - 353. 14a 
Stage III 
24 h between 1.96 1 1.96 
within 0.30 14 0.02 
total 2.26 15 - 91.47a 
72 h between 4.84 1 4.84 
within 0.48 14 0.03 
total 5.32 15 - 141.17a 
Stage IV 
24 h between 1.44 1 1.44 
within 0.30 14 0.22 
tot a 1 1. 74 15 - 67.20a 
72 h between 2.56 1 2.56 
within 0. 78 14 0.06 
total 3.34 15 - 45.95a 
Stage V 
24 h between 1.00 1 1.00 
within 0.30 14 0.02 
total 1.30 15 - 46.67a 
72 h between 1.44 1 1.44 
within 0.12 14 0.01 
total 1.56 15 - 168.00a 
a fXO.Ol 
b p< 0. 05 
c Not significant 
" 
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Table 16. Analysis of variance of respiration rates measured for each 
larval stage of the American lobster at 24 h and 72 h during 
exposure through ingestion of oil contaminated Artemia nauplii 
and compared with larvae exposed to oil-seawater mixtures. 
Source of Variation 
Stage I 
24 h between 
within 
total 
72 h between 
within 
total 
Stage II 
24 h between 
within 
total 
72 h between 
within 
total 
Stage II I 
24 h between 
with in 
tot al 
72 h between 
within 
total 
Stage IV 
24 h between 
within 
total 
72 h between 
within 
total 
a P<O.Ol 
b P<0.05 
c Not s ignificant 
s.s. 
3.24 
0.30 
3.54 
1.96 
0.30 
2.26 
1.00 
0.30 
1.30 
1. 19 
0.29 
1.48 
1.00 
0.30 
1.30 
0.00 
0.48 
0.48 
1.00 
0.60 
1.60 
0.00 
0.48 
0.48 
d. f. M.S. F-ratio 
l 3.24 
14 0.02 
15 - l51.20a 
l 1.96 
14 0.02 
15 - 91.47a 
1 1.00 
14 0.02 
15 - 46.67a 
l 1. 19 
14 0.02 
15 - 26.90a 
1 1.00 
14 0.02 
15 - 46.67a 
1 0.00 
14 0.03 
15 - o.ooc 
l 1.00 
14 0.04 
15 - 23.33a 
l 0.00 
14 0.03 
15 - o.ooa 
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Table 17. Ammonia excret ion rates ~ g NHa-N/h/mg dry we ight) of 
larva l and postlarval l obster s exposed t o 0.25 ppm South 
Loui siana crude oil through seawater exposure and ingestion of 
oil contaminated Artemia nauplii. 
Stage Control 
24 h 72 h 
I 0 .11 0. 14 
(0.01) (0.01) 
I I 0. 14 0. 14 
(0.01) (0.0 1) 
I I I 0. 18 0. 19 
(0.01) (0.01) 
IV 0.21 0. 22 
(0.01) (0.01) 
v 0. 12 0. 11 
(0.01) (0.01) 
Mean of 8 replicates(~ 1 S.E.) 
Oil-Seawater 
24 h 
0.12 
(0 .01) 
0.15 
(0.01) 
0. 22 
(0.01) 
0.23 
(0.02) 
72 h 
0.13 
(0 .01) 
0. 18 
(0.01) 
0. 28 
(0.02) 
0.25 
(0 .02 ) 
Oil-Nauplii 
24 h 72 h 
0.20 0. 18 
(0.02) (0.0 1) 
0.20 0.14 
(0.02) (0.0 1) 
0.20 0. 13 
(0. 02) (0.02) 
0 . 28 0. 19 
(0.03) (0 . 02) 
o. 14 0.07 
(0.02) (0.01) 
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Table 18. O:N ratios of l arval and postlarval lobsters exposed to 0. 25 
ppm South Louis i ana crude oil through seawater exposure and 
ingest i on of oil contaminated Artem i a nauplii. 
Stage Contro 1 Oil-Seawater Oil- Naup li i 
24 h 72 h 24 h 72 h 24 h 72 h 
27.2 27.3 17.0 14 .9 17.2 14.9 
I I 27.6 28.3 22.4 14.8 15 .3 13.0 
I I I 22.0 21. 1 17. 9 9. 6 15.3 19 . 6 
IV 22.6 21.1 20.6 14.9 14.3 19 . 5 
v 22.3 21.5 15.6 19.5 
Atomic ratio of oxygen consumed to NH4-N excreted 
'"t 
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Tab l e 19. Ana lysis of var i ance of ammon i a excretion rates measured for 
each l arva l stage and the first post l arval stage of the 
American lobster at 24 h and 72 h during exposure through 
i ngest i on of oi l contaminated Artemia naupl i i and compared 
wi th contro l l arvae. 
Source of Var i ation s.s. d. f. M.S . F-rat i o 
Stage 
24 h between 0.032 1 0.032 
within 0.003 14 0.000 
to t al 0.035 15 - 151.20a 
72 h between 0. 006 1 0.006 
within 0.001 14 0. 000 
total 0.007 15 - 74 .67a 
Stage II 
24 h between 0.0 14 1 0. 014 
within 0. 003 14 0.000 
tota l 0.017 15 - 67 . 20a 
72 h between 0. 000 1 0. 000 
with i n 0.001 14 0.000 
tota l 0.001 15 - o.ooc 
Stage III 
24 h between 0. 001 1 0.001 
with in 0. 003 14 0.000 
total 0.004 15 - 7.47b 
72 h between 0. 014 1 0.014 
withi n 0.003 14 0.000 
total 0. 017 15 - 67 . 20a 
Stage IV 
24 h between 0.019 1 0.019 
with i n 0. 006 14 0.000 
total 0.025 15 - 47.73a 
72 h between 0.003 1 0.003 
within 0.004 14 0.000 
total 0.007 15 - ll . 9la 
Stage V 
24 h between 0.001 1 0.00 1 
within 0. 003 14 0. 000 
tota l 0.004 15 - 7 .47b 
72 h between 0.006 1 0. 006 
within 0.00 1 14 0.000 
total 0.007 15 - 74 . 67a 
---- ---
a P<O. 01 
b P<0.05 
c Not signif i cant 
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Tabl e 20 . Analysis of variance of ammonia excretion rates measured for 
each larval stage of the Amer i can lobster at 24 h and 72 h 
during exposure through ingest io n of oil contaminated Artemia 
naup lii and compared with larvae exposed to oil-seawater 
mixtures. 
Source of Variation 
Stage I 
24 h between 
within 
total 
72 h between 
within 
tot a 1 
Stage II 
24 h between 
within 
total 
72 h between 
with in 
tota l 
Stage III 
24 h between 
within 
total 
72 h between 
within 
tot a 1 
Stage IV 
24 h between 
within 
total 
72 h between 
withi n 
total 
a P <0. 01 
b P<0.05 
c Not significant 
s.s . 
0.025 
0.003 
0.028 
0.010 
0.001 
0.011 
0.010 
0.003 
0.013 
0.006 
0.001 
0.007 
0.001 
0.003 
0.004 
0.090 
0.004 
0.094 
0.011 
0.006 
0.017 
0.014 
0.005 
0.019 
d. f. M.S. ----- --F-rat io 
1 0.025 
14 0.000 
15 - ll9 .47a 
1 0.010 
14 0.000 
15 - ll6.67a 
1 0.010 
14 0 .000 
15 - 46.67a 
1 0.006 
14 0.000 
15 - 72. 05a 
1 0.001 
14 0.000 
15 - 7.47b 
1 0.090 
14 0.000 
15 - 262.50a 
1 0.011 
14 0.000 
15 - 21 . 12a 
1 0.014 
14 0.000 
15 - 42.00a 
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Ammon ia excretion rates and O:N ratios of larval and postlarval lob-
s ters are presented in Figure 3 and Tables 17 and 18, respectively . For 
all l arva l and post l arval stages f ed oil contaminated Artem i a nauplii , 
ammonia excreti on rates were s i gnifi cant ly higher and O:N rat ios were 
significant ly lower than control values at the 24 h sampl ing period; among 
the l ater developmental stages increased O:N ratios were observed at the 
72 h sampling period, suggesting some adaptation in lipid utilizaton among 
oil exposed animals(Tables 19 and 20). For larval lobsters exposed to oil 
contaminated seawater, O:N ratio s were significantly reduced at the 72 h 
sampling period and no adaptation was observed among any of the develop-
mental stages . 
Body burden evaluat ions 
Gas chromatograms of tai l muscle from l arva l lobsters exposed to oi l-
seawater mixtures are presented in Figure 15 (stage I larvae) and Figure 
16 (stage IV l arvae) . Th ere are littl e or no differences in the chromato-
grams for contro l and oi l-exposed stage I larvae (Figs. 15A and 15B) which 
sugges ts e ither limited bioaccumulation or rapid turnover and metabolism 
of hydrocarbon component s. For stage IV larvae (Figs. 16A and 16B), there 
is some enhancement in the concentrat ion of higher molecular weight com-
pounds (Cl8 and higher) that may be attr ibutabl e to oil exposure and may 
reflect differentia l t urnover rates of various hydrocarbo n constituents . 
Gas chromatograms of tail musc le from larval lobsters fed an oil con-
taminated food source are presented in Figure 17 (stage I l arvae) and 
Fi gure 18 (stage IV l arvae). The chromatograms of stage I l arvae (Figs. 
17A and 17B) are virtually identi cal through the c18 reg ion , however, 
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increased complexity can be seen with the higher molecular weight com-
pounds from the oil exposed lobsters that may reflect increased bio-
accumulation. Similar findings were observed with stage IV l arvae (Figs. 
18A and 18B). Identification of individual compounds will be conducted 
using GC Mass Spectrometry. 
Gas chromatograms of postlarval lobsters exposed to oil contaminated 
sediments are presented in Figure 19. Significant accumulation and en -
hancement of both aliphatic and aromatic compounds were observed i n the 
oil-exposed group after the end of the exposure period even though hydro-
carbon concentrations of the sediments were negligib le. These results 
suggest that postlarval lobsters may have longer retent ion times and 
s lower turnover rates of petroleum hydrocarbons than larval stages or 
that increased bioaccumulation may be seen with longer exposure periods. 
Discussion 
The effects of crude oil and refined oils on the survival, metabolism 
and energetics of marine crustaceans have recentl y been investigated 
(Wells and Sprague, 1976 ; Edwards, 1978; Laughlin et al., 1978). Other 
investigators have also observed delayed development of crustaceans as a 
result of oil exposure (Wells, 1972; Katz, 1973; Linden, 1976; We l ls and 
Sprague, 1976; Caldwell et al., 1977). With chronic exposure of the mud 
crab Rh ithropanopeus harrisii to water soluble fractions of No. 2 fuel 
oil, Laughlin et al. (1978) found the early zoeal stages to be the most 
sensitive and larval development was significantly delayed as a result of 
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oil exposure. The growth rates of.crab stages and the s ize distribution 
and sex ratio of animals at the end of the 6-month exposure period, how-
ever, were not sign ificantly different between control and oil-exposed 
groups. 
Edwards (1978) observed changes in respiration rate, growth rate and 
net carbon turnover in the sand shrimp, Crangon crangon, with chronic 
exposure to the water so luble components of North Sea Brent Field crude 
oil . Acute exposure (24-48 h) of shrimp to low concentrations (5% WSF = 
1 ppm) resulted in a reduction in respiration rate but increases and sub-
sequent decreases in respiration rate were observed at higher concentra-
tions ( 10% WSF = 2 ppm). Similar changes in respiratory activity were 
observed by Lee et al. (1978) in the shrimp Lucifer fax~ni, by Anderson 
et al . (1974b) in the shrimps Penaeus aztecus and Palaemonetes ~and 
by Percy (1977) in the amphipod Onisimus (Boekisimus) affinis. Anderson 
(1977) suggested that these changes in respiratory activity might be 
related to a metabolic response to the naphthalene component of water 
soluble fractions. 
Anderson et al. ( 1980) recently investigated the relationship of mor-
tality and hydrocarbon accumulation of mysids (Neomysis awatschensis) and 
two species of shrimp (H ippolyte clarkii and Pandalus davae) exposed to 
Prudhoe Bay crude oil concentrations ranging from 0.36 to 6.35 ppm for 
periods of 0.5 to 9 days. A 11 toxicity index 11 relating exposure time (i n 
days) and LC 50 concentration (in ppm) was shown to be a useful indi-
cator in predicting the responses of these three crustacean species to 
oil exposure. Accumulation of di- and triaromatic compounds in the 
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tissues of these crustaceans, however, was not cumul at ive and could not 
be used to exp lain cumu lative mortality . Anderson et al. (1980) suggested 
that further analysis of monoaromatic compounds and metabolites might pro-
vide some clue to the relationship between mortality and body burden . 
Reductions in respiration rates and O:N ratios of larv al and ear ly 
postlarval stages of the American lobster were observed with exposure to 
0.25 ppm South Louisiana crude oil through seawater exposure and ingestion 
of an oil-contaminated food source. This seawater concentration i s within 
the range measured in surface waters beneath recently deposited oil slicks 
(Grose and Mattson, 1977; Law, 1978; Mackie et al., 1978) and because of 
the abundance of all larval stages in near surface waters (Scarratt, 1964; 
Lu nd and Stewart , 1970), would be encountered by l arva l lobsters immedi-
ately fo llowing a spi ll . Accumulation of hydrocarbons in a planktonic 
food source provides an alternative route of exposure to larval lobsters. 
In exposures to oil-seawater mixtures, stage I lobster s were the most 
sensitive of all larval stages with s ignificant changes in respiration 
rate occurring within the first 24 h of the exposure period; signif icant 
differences in respiration rates of other larval stages did not become 
apparent until later (72 h) in the exposure period. Wells and Sprague 
(1976) also found Stage I larvae to be the most sensitive to seawater 
exposure of Venezuelan crude oil, using mortality and swimmin g activity as 
response parameters. 
For lobsters fed an oil contaminated food source, the later l arval 
stages showed more s ignificant reductions in respiration rate than stage I 
l arvae at the 24 h samp ling period but all stages showed significant 
• 
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reductions later in the exposure period. Comparison of larvae exposed to 
oil-seawater dispersions and those fed an oil contaminated food source 
indicate a more rapid reduction in respiratory activity in the group fed 
oil contaminated Artemia nauplii. 
The O:N ratio has been used in severa l studies (Conover and Corner, 
1968; Corner and Cowey, 1968; Bayne and Scul lard , 1977; Capuzzo and 
Lancaster, 1979) as an index of substrate utilization for energy produc-
tion and has been shown to vary with stage of development, diet and degree 
of physiological stress. Lo~ O:N ratios (8.0 or below) indicate than an 
organism is deriving all of its energy supp ly from protein catabolism; 
higher values ref lect increased dependence on lipid and/or carbohydrate 
catabolism. The O:N ratios measured for control lobsters provide an indi-
cation that protein catabo li sm is the principal source of energy for lar-
val lobsters but lipid and or carbohydrate sources are utilized to some 
extent. The reductions in O:N ratios of larval l obsters exposed to crude 
oil through seawater exposure and ingestion of an oil contaminated food 
source provide an indication of increased dependence on protein catabolism 
for all larval stages. For larval lobsters exposed to oil-seawater mix -
tures, the changes in protein and lipi d content and the protein: lipid 
ratio is a further indication that there is a significant shift in both 
energy storage and ut ili zat ion as a resu lt of crude oil exposure. Simul-
taneous increases in the rate of protein catabo l ism and protein content 
with reductions in li pi d content of oi l-exposed larval lobsters suggest 
that although protein is being metabo l ized for immediate energy needs, 
less protein is being utilized for de novo synthesis of lipid reserves. 
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A change in energetics as a result of oil exposure may be most crucial 
as a larval organism approaches metamorphosis and begins to shift its 
habitat preference from pelagic to benthic; such an impact may affect both 
larval recruitment and postlarval survival as energy reserves may not be 
sufficient during this transition period. Stage IV lobsters exposed to 
0.25 ppm crude oil showed reductions in the O:N ratio but successfully 
molted to the postlarval form. Recovery of lobsters was not immediate 
upon transfer to clean seawater; reduced metabolic rates but normal O:N 
ratios were observed during the post-exposure period. These findings may 
be an indication that although respiration rates and ammonia excretion 
rates are reduced relative to control values during the post-exposure 
period, the normal pattern of energy metabolism and utilization is slowly 
being restored. The similar protein : lipid ratio of control and oil-
exposed postlarval lobsters is further evidence for this conclusion. 
Juvenile lobsters chronically exposed to crude oil-seawater mixtures 
did not show any alterations in energy utilization. The utilization of 
lipid as an energy source in the later postlarval stages is significantly 
reduced in favor of protein catabolism; the lack of response in juvenile 
lobsters may thus be related to a reduction in importance of lipid utili-
zation and storage. 
Postlarval lobsters exposed to contaminated sediments showed signifi-
cant reductions in respiration rate until sediment concentrations dropped 
to background levels. Retention of hydrocarbons in the coarse sand sub-
strate was diminished after 15 days and negligible after 30 days in the 
continuously flowing bioassay system. Accumulation of both aliphatic and 
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aromatic components by postlarval lobsters exposed to oil contaminated 
sediments was significantly enhanced. The rates of hydrocarbon turnover 
and depuration in these animals warrant further investigation . 
Wells and Sprague (1976) observed that juvenile lobsters expo~ed to 
an oil contaminated gravel-coarse sand substrate exhibited significantly 
greater burrowing behavior but growth and survival were not affected. 
Botero (1980) recently reported that newly settled postlarval lobsters 
showed a preference for a rock-gravel-coarse sand substrate which would 
facilitate tube building for shelters; selection of this habitat by post-
larval lobsters would present only minimal oil contamination problems. 
The second choice for substrate preference was shown to be a muddy sub-
strat e and longer retention of hydrocarbons and microbial degradation of 
some hydrocarbon component s in this substrate could alter the phys iologi-
cal responses of postlarval lobsters. 
Anderson et al. (1974b) suggested that the recovery response of .marine 
~rustaceans exposed to oil was related to the release of accumulated 
hydrocarbons. Lee (1977) discussed the accumulation and turnover of 
petroleum hydrocarbons in marine crustaceans and Malins (1977) described 
several mechanisms of bioconversion of hydrocarbons that have been identi-
fied in marine organisms. It is apparent that the physiological effects 
of oi l exposure are modified by the ability of the organism to accumulate 
and detoxify various components of crude and refined oils. Some marine 
crustaceans possess a mechanism for hydroxylating certain aromatic hydro-
carbons (Corner, 1978); this has been recently demonstrated for shrimp and 
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crab larvae (Lee, 1975; Sanborn and Malins, 1977). However, the relation-
ship of accumulation and release of hydrocarbons, the metabolic pathways 
associated with transformation of hydrocarbons, the toxicities of the 
transformed hydrocarbons, and the interference with protein and lipid 
metabolism of marine larval crustaceans, especially those as important as 
the American lobster, need to be further explored. 
r 
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Conclusions: 
The physiological effects of South Louisiana crude oil on larvae and 
juveniles of the American lobster Homarus americanus have been investi -
gated in cont inuous flow bioassay systems. Disruption in the energetics 
of larval development has been observed and correlated with a shift in the 
normal patterns of lipid utilization and storage in l arval lobsters. 
Hydrocarbon turnover appears to be rapid and little accumulation, except 
of the higher molecular weight constituents, is observed. Recovery of 
larval and early postlarval stages is not immediate upon transfer to 
uncontaminated seawater and the normal pattern of energy storage and 
utilization is only s lowl y restored. 
Postlarval lobsters are l ess sensitive to crude oil-seawater mixtures 
than the larval s tages and no disruption in energetics has been observed. 
Reductions in respiratory activity and bioaccumulation of both aliphatic 
and aromatic compounds, however, have been observed in _postlarval lobsters 
exposed to oil contaminated sediments. This suggests that postlarval l ob-
sters have longer retention times and slower turnover rates of petroleum 
hydrocarbons than the larval stages and persistence of petroleum hydro-
carbons in sediments may present a chronic contamination problem to ben-
thic stages of the American lobster . 
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EXECUTIVE SUMMARY 
This report constitutes the final documentation of the work performed 
for the Bureau of Land Management by the Westinghouse Ocean Research Laboratory 
on a project to evaluate the effects to planktonic larval lobsters by exposures 
to various concentrations of South Louisiana crude oil in seawater. Most of 
the biological investigations for this pro~ct took place a t the Massachusetts 
State l obster Hatchery on Martha's Vineyard. Analytical chemistry of samples 
and histological examinations of tested organisms were conducted at the West-
inghouse Laboratory in Annapolis, Maryland. 
As originally proposed, this project was scheduled to last for thirty- six 
months from March of 1977 through February of 1980 and incorporate three 
primary task objectives. These experimental tasks included: 
A. the observation and evaluation of 
grow-out conditions for post-fourth 
stage lobsters which were subjected, 
as larvae, to various concentrations 
of crude oil. 
B. the experimental testing of the hatch 
success and larva l development of egg-
bearing lobsters subjected to flow-through 
exposures of crude oil in seawater. 
C. the assessment of effects to planktonic 
lobster larvae exposed to a variety of 
conditions of flow-through exposures of 
crude oil in seawater. 
Based on the amended proposal of January 1977, task A (AGRO) is 
continuing and 21% of the original stock culture of test larvae from the 
1976 year class are growing in the flow-through system at the hatchery. 
Most of the mortalities to these animals are the result of a bacteria 
discovered in the late summer of 1977. Comparison of the growth and 
development of the total original stock culture does not indicate any 
significan t differences between the survival of control or oil-exposed 
animals. 
-2-
Two of the four proposed tasks with egg-bearing lobsters (BEGG) 
were undertaken between April 1977 and May 1978 . One test with developed 
eggs (golden eggers) and one with recently extruded eggs (black eggers ) 
were completed . From the "golden eggers" oil-exposure test, we recorded 
a 7% reduction in the hatch success by oil-exposed egg lobsters. Based 
on theoretical f ecundities of each egg lobster tested, the success of 
larvae . hatched was 65% fo r controls and 58% for oiled eggers. Unhatched 
eggs for cont r ol lobsters were 0.9% and 1. 4% f or oil- exposed lobs ters . 
Larval development to fourth stage indicated an insignificant 1.2% 
difference between fry from controls and oil-exposed egg lobs ters. 
Results of the "black egg lobster" tests showed an 18% lower hatch 
success by the oil- exposed egg lobsters. This difference was significant, 
and although egg develppment times for both control and oil-exposed l obsters 
wer e similar, the average egg hatching periods were six days l onger for 
oi l-exposed eggers . This prolonged r e lease time indicated t hat the oil-
exposed eggers had gr eat difficulty in the hatching process. Al so, the 
number s of unhatched eggs from oil-exposed eggers was significantly 
higher than controls. (greater than 30% of the average controls ) . 
Four flow- through toxici t y tests (CTOX) we re accomplished during 
natural hatching periods fo r egg lobsters in the early summer months of 
1977 and 1978. Twenty-four hour, first stage lobster l arvae were t ested 
in flow-through crude oil in seawater emulsions with concentr ations 
ranging f r om 0.1 through l. Sppm. During one test in 1977, 10 and SOppm 
oil/seawat er concentrat ions, using only the water soluble fractions, were 
tested in the same flow-through assay sys t em . 
Using mass culture systems (1000 larvae per t est concentration), 
continuous flow-th rough assay experiments were conduc t ed for the entire 
period of l a rval development (appr oxima tely 17 days) . Based on the 
results of the four tests conducted, we observed a significant mortality 
of developing l a rvae in the water soluble f raction of the 10 and 50ppm 
oi l and seawater tests. From the r esults of the oil emul sion tests there 
appears to be a signifi cant mortality threshold (great er than 20%) for 
lobster larvae be tween the O.Sppm and l.Oppm oil in seawater concentrat i ons . 
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The time for larval development was consistently longer for larvae in the 
1.0 and l.Sppm test concentrations and the average sizes for larvae exposed 
to the l.Oppm oil concent r a tion were 25% smaller than controls and lower 
oil concentrations. 
In early August, the surviving AGRO lobsters will be transferred to 
the Environmental Systems Laboratory of the Woods Hole Oceanographic 
Institution (WHOI). All BLM funded equipment and materials purchased during 
the Westinghouse contract period will be transferred to WHOI for continuation 
of the project. In addition, Westinghouse furnished equipment will be 
moved to WHOI for use i n the performance of the remainder of the lobste r 
oil toxicity investigations. 
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INTRODUCTION 
The inadequacy of estimating environmental consequences on larval 
plankton communities from petroleum hydr ocarbons has been ci t ed as a means 
of slowing or stopping development of outer continental shelf resources 
within the Mid-Atlantic Bight. Although there is l i ttle disagreement 
concerning this lack of background or experimental i nformation, recent 
developments focusing on energy shortages appear t o be heavily influencing 
the need for more sources of petroleum , especially in the Northeastern 
United Stat es. Dat a compiled by Kash (1973) estimates world oil pollution 
by source (Table 1). 
Interest in oil and gas exploration off t he northeas tern and mi d-
Atlanti c coasts of the United States has raised several questions concerning 
potentially adverse ecological impacts to a presently overexploited 
fi shery. Evidence of this can be seen in the recent lobs t e r statistics 
(NOAA, 1977). A few selected areas of these his t orically tich fishing 
grounds extending from Nova Scotia to Cape Hatteras have been identified 
for possible pe troleum development . While it has been reporte d (NAS 1975) 
that 1. 3% of al l oil input to the sea results from offshore oil drilling 
opera tions and tha t approxima t e l y 5% (Ketchum, 1974) of a l l petroleum 
inputs to the marine environment come from accidental tanker spills, t he 
major i ty of these oil r e leases (86.1%) (NAS, 1975) occur within the 
nears hore (<50 miles) marine environment . Depending on the manipulation 
of thes e statistics, the potential for deleterious impact t o marine 
organisms must be considered serious. 
Seve r al s tudies have r eported effects of petroleum hydrocarbons upon 
mar ine plankton. Afte r Torrey Canyon, Smith (1968) observed toxic effects 
t o copepods Calanus f i nmarahiaus, Aaart ia alausi and oys t e r larvae by the 
dispersants used to break up the spill. Corner e t al . (1968) and Portmann 
(1973 ) indicated toxicity to pelagic marine forms was due to soluble 
frac tions of seawat er oil emulsions. Studying the brown shrimp Crangon 
ar angon Portmann demonstrated 48- hour Lc50 toxicities ranging from 3.3 to 
>3000ppm with l arvae three to five times more sensitive than adults. 
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I Table 1. Estimated direct world oil pollution to oceans. 
-·- --
VOLUME 
SOURCE ( 1 , 000 barre 1 s) PERCENT 
Marine ope rations 16,100 46. 1 
Tankers 9. 710 27.7 
Tank barges 490 1.4 
Alf o ther vessels 5,950 17 . 0 
Non-marine ope rati ons 17,400 49.9 
Offshore oi I and gas operations I ,400 4.0 
To tal direct pollution 34.900 100 . 0 
----------
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Mironov (1973) found that oil concentrations of 0.001 ml /1 accelerated 
mortalities of Acartia clausi and Par aca lanus parvus . However, the general 
reduction in survival was less than 20%. Kuhnhold (1973), investigating 
cod Gadus morrhua~ herring Clupea harengus ~ and plaice Pleuronectes platessa 
eggs found that Venezuelan crude oil caused 40% higher mortalities than 
controls; Iranian crude was 30% above controls and Libyan crude was relatively 
nontoxic a t lo-4ppm for as long as 100 hours of exposure. Wells and Sprague 
(1976) reported toxi city to first stage larval lobsters (Homarus americanus) 
to be 0 . 14ppm based on static assays with Venezuelan crude oil. 
Though few definitive conclusions can be drawn _from most of the litera-
ture, it seems apparent that certain generalizations can be made regarding 
plankton and oil . (1) Crude oil seems less toxic to zooplankton than 
dispersants used for clean up, (2) not all crude oils give the same effect 
on plankton, (3) though local catastrophic effects may be realized from 
major spills, zooplankton populations seem to recover within one season 
cycle , provided there is sufficient flushing, (4) relative size of the 
planktonic organisms seems to be related to resistance, and (5) larval 
forms of the plankton community are more sensitive to petroleum perturbations 
than the mature adult forms. 
Typically, labora tory s tudies with pelagic marine organisms involve 
mi xing oil and seawater gently, separating the phases and using only the 
wa t er s oluble fraction (WSF) in seawater for toxicity testing (Anderson, 
1977 ) . While this procedure allows for a simplified and quantitative 
de liver y of WSF petroleum hydrocarbons, it does not realistically account 
f or the vol a tiliza tion of aromatics in the open ocean environment or the 
variety of hydrocarbon equilibria which probably occur when crude oil is 
spread over seawater. As a result, WSF oil toxicity studies tend to 
emphasize disproportionate concentrations of aromatic fractions which may 
not normally occur from crude oil spills in the ocean . 
Another difficulty in testing oil effects to holo- and meroplanktonic 
forms lies in the nature of statistically designed bioassays which often 
pay little attention to the specific behavioral requirements of the organisms 
tes t ed . Orbital motions, feeding migrations, and hydraulic agitation play 
important roles in the successful development of planktonic forms. Most 
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static bioassays measure acute toxicity which is based solely on mortality 
r ecorded for a relatively short period of time. Thus, control organisms may 
survive in the sense that motion and heart beat can be observed, but their 
development and ultimate mortality may only be delayed slightly beyond that 
of the exposure test organisms. In addition, certain non-lethal effects 
may make the planktonic forms more vulnerable to preda tion in the open ocean 
environment. 
The successful propagation of lobsters is dependent upon several 
critical developments (Hughes and Matheissen, 1962). The female lobster can 
only mate during relatively short periods of time (approximately 48 hours) 
following a molt while the new shell is still soft. After a female's 
fertilization and egg development, hatched first stage larvae "float" to 
the sea surface where four developmental metamorphoses take place before t~ey 
return to a benthic existence. During this 15- 50 day period, planktonic 
l arvae are members of the neuston by day and near sea surface at night. 
They are extremely vivacious feeders and often exhibit significant cannibal-
ism within their patchy swarms. Recent statistics indicate that for an 
average sized "ripe" female containing about 35,000 eggs, 40 must survive 
to legal harvest size for two to reach and complete sexual maturity. 
Selection of lobster larvae for our experiments was based on three 
considerations. First, lobsters spend the most sensitive stage of develop-
ment within the planktonic community. From the hatched egg through the 
fourth stage of development, larval lobsters are members of the near surface 
neuston. It is within the upper 25 em of sea surface that young lobsters 
develop (Herrick, 1896). Hence, any increases in the frequency of a toxic 
fraction of oil in the sea surface could have immediate and delayed, but 
harmful, results on vast populations of ' lobsters . The second reason for 
selection of the lobster is that the developing forms, from post-larval 
stages through maturity, take approximately 5 to 7 years. During this time 
the organisms take up a benthic existence scavenging food and seeking 
shelter in protected areas. Petroleum residues associated with offshore 
drilling operations, structures and pipelines, could contaminate these 
organisms, making them unfit for human consumption. Finally , the third 
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reason for selecting the lobs t e r for study is that it r epresents a signifi-
cant economic asset to the northeastern U.S. economy as a food resource. 
The approach t aken for these investigations i ncluded the design of 
experiments t o accomodate the lobsters' natural behavior , growth and devel-
opment requirements, utilization of emulsions made up of whole crude oil in 
seawater f or testing biological effects and multiple reproduction of ex-
periments to verify the results of individual tests. The project was set 
up to conduc t three concurrent experimental tasks whi ch combined the coinci-
dence of na tural seasonali t y with artif i cial acceleration of l obster devel-
opment. To accomplish this a heated flow- through seawater sys t em was i n-
stalled at the Massachusetts State Lobster Hatchery and al l biol ogical ex-
perimentation took place e t t he ha tchery. 
The three tasks under taken for this project included : 
A. measurement of the growth and 
development of post-fourth stage 
lobsters which had previously 
been subjected to crude oil 
exposures as larvae. 
B. evaluation of oil effects on the 
hatch success for fertilized egg-
bearing lobsters and their subse-
quent larval deve lopment. 
C. determination and identification 
of the toxic effects of crude oi l 
to planktonic lobster larvae by 
conducting a varie t y of flow-
through assay experiments. 
During the past year, from April 1977 through July 1978, parts of all 
three tasks have been completed and the continua tion of this project is 
expec t ed t o be undertaken at the Woods Ho l e Oceanographic Institution . 
The purpose of this repor t is to describe the me thods for the investi-
gations undertaken and to s ummarize the resul ts of the experiments completed 
thus far. The reader is referred to the original proposal and to the monthly 
progress reports for additional de t a i ls and information concerning this proj ect. 
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EXPERIMENTAL METHODOLOGY 
The purpose of this report section is to define and describe the 
techniques and methods which were used to carry out the three project tasks. 
Further detail and elaboration is available in the monthly progress reports. 
Because the different task experiments were conducted concurrently, hydro-
carbon documentations were catalogued by task and type of analysis, as well 
as by sequential serial number. Extraction and analytical procedures for 
the IR/seawater samples are given in Table 2 and GC/seawater procedures 
are given in Table 3. Instrument linearity for the Beckman 20A dual beam 
scanning IR is shown in Figure 1. and the oil/seawater standard series is 
given in Figure 2. 
TASK A: AGRO 
Growth and development studies of the 1976 year class lobsters has 
been accomplished thus far by development of a tempera ture controlled 
flow-through seawater system (Figure 3) . This flow-through system is broken 
down into two seawater loops and a fresh water heating loop. The first 
seawater sub-system is an ultraviolet and heat exchanger loop with bypasses 
for each component sub-system. This loop is serviced by a 17gpm lift pump 
through 3/4" PVC piping to the glass Aquafine UV filter and impervious 
graphite 3 pass, 9 tube shell-in-tube heat exchanger. Heated exchanged 
seawater from the freshwater loop which returns to the primary reservoir 
is lifted by a 35gpm pump to a 475 gallon head tank on the second floor of 
the hatchery (approximately 15' above the primary reservoir). From the 
head tank heated seawater passes through a network of 2" PVC pipes to the 
various lobster culture tanks within the AGRO system. Drain water from 
these tanks is filtered and delivered to the primary reservoir for partial 
recirculation. By adjusting the flow rate of ambient temperature seawater, 
the entire seawater system can be turned over once every 20 hours . 
Each of the '76 year class lobsters in the AGRO system, as well as the 
'77 year class lobsters, are kept in seperate flow-through compartments 
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Tabl e ?. 
SKETCH SHEET 
WUTINO HOUIIIl jii'OJIIM 14440 
WESTINGHOUSE ELECTR IC CORPORATION 
PROGRAM: BLM- Lobster Research Program 
IR Procedure fo r hydrocarbon analys is based on procedure 
of Brown, e t . al . ( 1975) 
• 
• 
• 
• 
Weigh sample 
• 
Calculate extractable o rgan i cs 
from % of total vo lume used 
In IR vs wt. o f total sampl e 
• 
• 
Calculate final .sample volume 
• 
Calcula t e hydrocarbon content 
based on relati ve hydrocarbons 
from control samples. 
[Include blank in dete rmination 
of fina l values] 
• 
Obtain 1. 0 liter seawater sample with 
teflon tube by siphon.i.ng into a "clean" 
Separatory funnel . 
Extract sampl e with 35 ml. B&J CCI 4 (2 ex tractions , 20 ml. + 15 ml .] 
Include froth with cc1 4 sample extract . 
Label a nd store in freezer at -4° C • 
[Transport frozen] 
Bring sample to room temperature and 
se pa rate f roth by remov ing uppe r 3 ml. 
with "clean" pasteur pipet ; pass this 
f raction of sampl e through sodium sulfate 
column with N2 gas. *1 Add to sample . 
Run initial IRon sample fraction and rinse 
Into o riginal sample vial. 
Concentra t e sample and perform column 
chromatography according to procedure. 
Store final sample volume in permanent 
vials, label and determine sample wt. 
Run sample on IR and determine total 
hydrocarbons . 
.Sf , 
" 
Store sample In pe rmanent vials . 
No te 'Pack 5 ml . pipet with about 4 ml . sodium sulfate; rinse with 
5 mi . cc1 4• 
, l :),lj ~ 9 1:?77 
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l.'able 3 
SKETCH SHEET 
W...,.I HOHOUaE P"O"M 14440 
WESTINGHOUSE ELECTRIC CORPORATION 
BLM - LOBSTER RESEARCH PROGRAM 
Hydrocarbon Analyses: GC procedures for seawat e r samp les 
o Collect 1· lite r seawater sampl es from test sys t ems with teflon 
tubing into precleaned glass separatory funnel. 
• Acidify sample to pH <2 with HCL . 
0 Extract samples twice with B&J CHC1 3. [25 ml & IOml] 
• Co ll ect in samp le bottle, code and store In freezer@ 0.4°C . 
o Bring samp les to room temperature (5 per set), cover with foil 
punc tured caps and place in vacuum oven . 
° Concent r ate samp les (CHCl~) @ 40°C , vac pressure @ 15" (oven 
setting 3.5 ) to a volume Of 3 mi. [ti me : 2:1 5 hr] 
o Prepare Na2so4 co lumns us ing rinsed and baked 5 ml disposable pi pe ts 
and 0.6 gm Na2so4 . Vibrate to pack and r inse col. with 3 vo l . CHC1 3and b low out with N2 . 
o Pass sample through co lumn with N2 and collect samp le and 3, 2m1 
rin ses i n 12 ml centrifuge tube, ltime: 30 min ] 
° Concentrate samp le to 1 ml @ 60°C , vac. pres . 20'' (oven setting @ 4) 
[time: 2 hr] 
• Dilut e sampl e to 5 ml wi th Hexane and concentrate to 0.5 mi . 
• Transfer to preweighed 2 ml v ials . Rinse and concentrate twice 
diluting final vo l to 1 ml. 
*** Sto re samples in refrigerator @ 3"C. Sa~ples should be sea led in N2 *** 
• De t erm ine total hyd rocarbon s with first i nJ ection to GC [ i nj ect 2~1] 
0 Prepare liquid chromatography columns wi th 175 mm of 60/200 mesh silica 
gel . (activated at 285"C for 12 hr) 
• Wash column with 40 ml hexane and drain to surface . .,. 
• load sampl e onto column along with 3, 2 ml rinses . 
• Drain to s ur face and e lute with 12 ml hexane. 
• Discard first 5 ml and collect next 13 ml In original centrifuge tube . 
• Concentrate @ 60"C; vacuum 20" to 0.3 mi. [time : I :30 hr] 
• Dilute to ·5 ml with hexane and de termine exact vo lume by weighing. 
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Table 3 
SKETCH SHEET 
__.,.....~• ro .... a ..... o 
(Continued) 
WESTINGHOUSE ELECTRIC CORPORATION 
BLM - LOBSTER RESEARCH PROGRAM 
Hydrocarbon Analyses: GC/ seawater procedures continued 
0 Label sample with origina l code and add "A" 
0 Elute LC column further with 32 mls 40/60 (vol/vol) benzene- hexane. 
• Collect 32 mls in clean, preweighed sample bottle . 
• Concentrate @ 60°C and vacuum pressure 20" to o.3ml [time: 2 hr] 
o Rinse with 5 ml and concentrate to 0.3 ml. 
• Dilute to 5 mls., weigh and determine exact volume. 
• Label with original sample code number and add "B" 
0 Inject both A and B samples to temperature programmed dual flame 
FlO GC. 
0 Quantitate hydrocarbons and provide qualitative r ecord of aliphatic 
and aromatic fractions. 
• Store samples in N2 in vials refrigerated @ 3•c . 
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Figure 1 
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• 
which are within 2 ' x 4' x 0.5' reinforced fiberglass aquariums with per-
forated PVC false bottoms. 
Monitoring of the growth and development fo r each lobster consis t s of 
feeding twice daily and measuring the times between molts and the sizes of 
the cast carapaces. Wate r quality is monitored daily by measuring ambient 
and controlled seawater temperatures, dissolved oxygen, salinity and pH . 
The diet for the AGRO lobsters consists of mixes of crustacea and 
~olluscs. Included in these diets are random feedings with quarter deck 
C~epidula fo~nicata~ mussels Mytilus edulis~ scallop A~gopectin i~~adians~ 
quahogs Venus me~cena~ia~ brine shrimp A~temia salina~ and green crabs 
C~cinides maenas. 
TASK B: BEGG 
The egg-lobster oil-exposure tests included experiments with mature 
eggs from " golden" egg l obsters about to hatch and "black" e~g-lobsters 
which had recently extruded their eggs. For each test 10 offshore lobsters 
were used; 5 fo r control and 5 for oil exposure . Theor etical fecundities 
were determined for each lobster and each egger was observed for one week 
prior to use. A 3' x 4' x 1.5' fiberglass flow-through system was set up 
with 4" of 1" diameter coarse sedimen ts spread across the bottom. Flow· rate 
through the system was adjusted to 5 liters/min. wi t h the seawater entering 
and exiting 12" belm.;r the water surface. After conditioning the system 
for one week, five test lobsters were placed into the flow-through system 
and behavior was observed at four-hour intervals for a period of 24 hours. 
The lobsters were then removed, the entry port was positioned and 456ml of 
API Reference South Louisiana Crude Oil was spilled on the surface of the 
flow-through system. After 22 hours of r eacting, the wate r level was l owered 
so tha t all the s ediments were completely covered with oil . This condition 
remained for 2 hours af ter which the water level was again raised t o the 
original leve l. The five test lobsters were again returned via the circular 
ent ry port t o the oil-contaminated system. Flow rat e was again adjusted., 
to 5 litres/minute and the lobsters' behavior was recorded every four hours 
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for a 24 hour period. After 24 hours of exposure to water soluble fractions 
of surface spilled oil and oil-contaminated sediments, the lobsters were 
removed through the entry port, rinsed with fresh seawater and returned to 
their individual gene tic tanks to await egg development. 
Throughout each experiment 30 seawater samples were extracted for hydro-
carbon documentation. Fifteen samples were extracted with CCl4 for IR 
analysis and 15 were acidified to pH 2 and extracted with CHC13 for GC 
analysis. 
As each test egg-lobster hatched its eggs, the numbers of successful 
first-stage larvae, dead larvae and unhatched eggs were recorded. Also, 
the time for total hatch was determined, as well as the success of a repre-
sentative number of fry through their fourth larval stage. 
TASK C: CTOX 
Only the flow-through assay tests using mass cultures of lobster larvae 
were completed by Westinghouse between June 1977 and July 1978. The pro-
cedure for conducting the flow-through assay consisted on counting out 1000 
24-hour first-stage fry per test concentration from a single egg lobster. 
In the first of four assays, whole fraction API reference South Louisiana 
Crude Oil was used at concentrations of 0 . 1 and l.Oppm (vol./vol.) in seawater 
and water soluble fractions (WSF) of the same oil at concentrations of 10 
and SOppm (oil in seawater). The oil-exposure procedure consisted of making 
oil emulsions for the 0.1 and 1 . 0 concentrations at 103 every four hours to 
reduce weathering and extreme volatilization . These emulsions were peri-
staltically pumped through a teflon and glass system to a 51/min. flow-
through culture tank housing the larvae (Ferns, 1977) . The water soluble 
f ractions were made 24 hours in advance and allowed to stir gently in 3 . 5 
gal. glass carboys. The surface layer of crude oil was allowed to remain 
and only the WSF below was delivered to the larval tanks. The second, third 
and fourth tests were done with oil emulsions of 0.1, 0.5, 1.0 and l.Sppm 
crude oil in seawater. 
During each assay flow rates, feeding and new oil emulsions were main-
tained every four hours for the entire time of larval development 
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~ 
(a~proximately 17 days). Hydrocarbon ex tractions were made for each test 
concentration every 48 hours and each oil concentration tank was dropped, 
c leaned and larvae staged and counted every third day of the test . Records 
were kept of the volumes of oil used in each test system, amount of food 
used, and growth and development time to fourth stage and survival of 
larvae throughout the test. 
-19-
RESULTS 
Between March 1977 and July 1978, 32 experiments were undertaken by 
\veatinghouse on Tasks Al, Bl , B2 and Cl, C2c and C2d. Sixty-nine series of 
histological preparations were made for first through fourth stage larvae 
(CTOX) and 43 tissue sect ions from the diseased AGRO task were prepared. 
One hundred and sixty-four hydrocarbon analyses of seawater were performed 
from the BEGG and CTOX experiments. A summarization of the project status 
is given in Table 4. Results of the work accomplished on the individual 
tasks is as follows. 
TASK A: AGRO 
Temperature data from the flow-through seawater system is given in 
Table 5. During the time from March 1977 through July 1978, the lowest 
temperature maintained in the AGRO system was 13.2°C when the lobsters 
were acclimating t o ambient waters in May 1978. Survival of the AGRO lob-
sters is shown in Figure 4 and summarized in Table 6. From this data it 
appears that al l of the different grow-out lobsters were affected by the 
bacteria problem in early fal l of 1977 , Also, the l arvae which were ex-
posed to l. Oppm show the greatest survival. While this cannot be considered 
statistically significant because of the mortalities by the disease, the 
l.Oppm l obs ters had a 15% higher s urvival record. 
TASK B: BEGG 
Results from the "golden" egger tests in June 1977 indicate a 7% 
difference in hatch success between control and oil-exposed eggers. Sixty-
five percent of the controls and 58% of the fry from the oiled eggers 
successfully hatched. The percentage of unhatched eggs was 0.9% for controls 
and 1.4 for oiled eggers. The survival record to fourth stage for this test 
did not indicate any difference between controls or oil-exposed lobsters. 
H~wever, there was a noticeable difference in the post-fourth stage survival 
-20-
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of f ry from control and oiled lobsters . Fifty percent of the controls 
gr ew beyond the eighth larval stage, whereas less than 20% of the larvae 
from oiled eggers survived beyond the eighth molt . 
Results from the "black" egg lobster tests conducted from Novembe r 
1977 through March 1978 showed an 18% lower hatch success by the oil-exposed 
egger s . Table 7 shows the consolidation of the hatch success f or control 
a nd oiled egg lobs t e rs . Although egg deve l opment times for both controls 
and oil-exposed lobsters were similar the actual hat ch period was s ub-
stantially longer for the oil-exposed egg lobsters . Apparently, the oiled 
l obs t e r s had greater difficulty in successfully releasing their fry . Also, 
t he number of unhatched eggs by oiled eggers was more than 30% higher than 
for controls . 
TASK C: CTOX 
Four flow-through toxicity tests were accomplished during the natura l 
hatching periods in 1977 and 1978. From the results of these flow-through 
oil assays we observed a significant mortality to developing larvae in the 
WSF frac tion of the 10 and 50 ppm oi l in seawater tests. From the results 
of the three oil emuls i on t es ts with whole frac tion oil in seawater there 
a ppears to be a significant mortality threshold for lobster larvae be tween 
the 0 . 5 and 1.0 ppm oi l concentrations. The times for larval development a re 
consis tently longer for oil-exposed larvae and the average sizes f or larvae 
exposed t o 1.0 ppm oi l concentra tion were 25% smaller than for the lower 
oil concentrations tested. 
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